This article describes the background and motivation, basic principles, the architecture and implementation of BMDL/BMDS/AAPs, and the experimental results.
This article reports an unconventional approach to a business gaming course at the Graduate School of Systems Management (GSSM) of Tsukuba University in Japan. The goals of the course are to develop students' skills (a) to implement their own models for specific business firms and (b) to understand business processes among companies. To achieve the goals, the distinctive point of the course is to let the students develop their own business simulators using a simple Business Model Description Language (BMDL), Business Model Development System (BMDS), and Automated Agent Players (AAPs). The developed simulators are run and evaluated by the other members of the class, as well as lecturers on the WWW environment. Through the experience, the students will understand the concepts and skills of business management. This article describes the background and motivation, basic principles, the architecture and implementation of BMDL/BMDS/AAPs, and some results of our school's 4 years of course experience.
Background and motivation
Experiential learning is a method to teach principles or facts to students not only through giving lectures but by letting students do some actions by themselves. Learning by doing is an effective means for various fields of education (Burns & Gentry, 1998; Herz & Merz, 1998; Ruben, 1999; Shirai, 2001) . Business games are powerful tools for learning business structures and principles by making decisions. The conventional approach to business gaming courses, at least in Japan, is to educate inexperienced students to understand the concepts of management, accounting, business processes, and/or the basic techniques for business analysis. There are many conventional gaming simulations in the literature that aim to attain these goals (Elgood, 1993; Greenblat, 1989; Rye, 1994) . However, at GSSM, such approaches are insufficient. The students we have are all businesspeople from various industries. They have different levels of expertise and different career backgrounds. Therefore, although the academic levels of the students are so divergent, playing-only simulators will not satisfy them. They want to know how to make sound management decisions. To meet the requirements and based on our previous experience (Fujimori, 1993a (Fujimori, , 1993b Shirai, 1994 Shirai, , 1996 , we set the following goals for the design of the business gaming course:
1. The game we use is simple enough that business people with various backgrounds, especially those who have limited accounting knowledge, can understand the basic process of business simulations. 2. However, it is also complex enough that the students who have strong practical business experience can learn the advanced concepts of decision-making and business processes. 3. The students should be motivated to study advanced courses at GSSM through using the simulators. These courses include operations research, information systems, decision theory, accounting, marketing, computer programming, artificial intelligence, and/or computer networks. 4. A dozen students can execute the simulators at the same time in different places. Therefore, the simulator should be able to run on a computer network or on the World Wide Web. 5. The students should be able to develop their own business models with ease. The BMDL should be simple enough so that the students with few computer-programming skills can understand it and write their own models. 6. A typical business game should be developed to guide the students. The game should be executable as the introductory tool for the course and readable so the students can understand how the model is built and how the simulation is executed. 7. The business game simulator should include software agent models. The agents can be used as a substitute for human players. Using the agents, developers can debug their own models with ease. Also, we can model many kinds of business decision rules using the agents, and we can evaluate these rules.
Based on the above, the course we have developed consists of (a) a simple gaming experiment among multiple students using ALEXANDER ISLANDS, a business game on the WWW; (b) lectures to teach students the core concepts of business management; and (c) a business game development by the students themselves using BMDL, BMDS, and AAPs.
SIMULATION & GAMING / September 2003 ALEXANDER ISLANDS: A tiny business game
ALEXANDER ISLANDS (Fujimori, Kuno, Shirai, Suzuki, & Terano, 1999; Terano et al., 1999) is an introductory business game developed to meet Items 1, 2, and 6 of the requirements in the previous section. This game models a business process of (a) purchasing consumer items (e.g., personal computers) from the headquarters of a fictitious company, (b) selling them to two different markets (Herbert Island and Simon Island), and (c) making marketing decisions on ordering, advertising, pricing, and accounting.
The business model of ALEXANDER ISLANDS is summarized in Figure 1 . During each turn of the game, each user can order any amount of a sales item from the headquarters, prepare advertisements for radio and/or newspapers, determine the sales prices for the two markets, and make accounting decisions on borrowing and/or repaying money. The model implicitly includes a stock management problem from operations research, demand forecasting from decision making, and advertising strategy from marketing.
Although the simulator does not include explicit decision support functions, it is desirable for the students to be aware of the existence of such practical problems in the simple gaming environment. Therefore, the players should have some decision aids on a PC (e.g., a spreadsheet program) to properly make decisions during the game. As the game is simple to use, it takes 10 minutes even for inexperienced users to make decisions. Usually the time to complete one game round is about 70 minutes, or seven to nine terms.
ALEXANDER ISLANDS contains the basic mechanisms of the business process and user interfaces for 10 players/teams and one manager. The user interfaces run on a 
FIGURE 1 Business Model of ALEXANDER ISLANDS
Web browser. The first version of the simulator was implemented in the C language, and reimplemented in BMDL in 1997. The source codes of ALEXANDER ISLANDS currently consist of about 450 steps of BMDL instructions including detailed comments. The length is short enough that the students can read the contents and understand how they work.
Framework of BMDL/BMDS
This section describes the architecture of BMDL and BMDS. BMDL/BMDS framework was designed to meet Items 3, 4, and 5 of the requirements in the Background and Motivation section. Figure 2 shows the system configuration. Sample codes of BMDL are shown in Figure 3 . The example in Figure 3 is the code for a business game designed for three players and one manager for 10 game rounds. The game is executed as follows: At the beginning, each player inputs the sales price; the cheaper the price is, the more goods he or she can sell; and a decision is made to supply new goods to keep the same stock level.
The interfaces for players to give prices and the ones for the game manager to browse the status of all players are also included in the BMDL code. In the original codes, the variables of the model are described using Japanese characters. However, in Figure 3 , they are translated to capital ASCII characters for this article. The mechanism enables the users to easily develop a homemade business game.
A business game written in BMDL by a model developer is translated into CGI script and C programs by a BMDL translator. The programs run on a host computer with a WWW server and the model variable data in the form of spreadsheets. Finally, players execute the simulation through browsers in the WWW environment. The simulation is executed with the architecture shown in Figure 4 
FIGURE 2 System Configuration
controls game rounds, calculations, and analysis data. The game players can input and modify the input variables based on public and team-specific information. Figure 5 shows a sample entry window of the game. can describe their software agent with AAPs, and they can debug their own models easily. Also, model developers can model many kinds of business decision rules using the agents. Then, they can evaluate those rules through business gaming.
Shirai et al. / GAME DEVELOPMENT TOOLKIT 441

Experience and discussion
Outline of the course experience
The course was started in 1996. At the time, we had no specific development toolkit. ALEXANDER ISLANDS in the C language was used in the introductory business gaming course. The students were not pleased because there were too many supplementary tasks needed to understand the business management principles.
In 1997, the BMDL version was introduced for an advanced course to develop the students' own business models. The program was improved so that the students could understand the codes of ALEXANDER ISLANDS easier and could develop their own games. To improve the program, questionnaire data on the course were gathered. Among the 23 respondents to the questionnaire, (a) 22 students replied that the course using ALEXANDER ISLANDS was interesting, (b) 17 students thought that the difficulty level of the course was moderate, and (c) 18 students were comfortable with the WWW environment. The models that students developed cover a wide range of business domains, such as production, research and development, logistics, and accounting.
Mini-P model in the 1998 program
In the 1998 program, we provided students with a simple business model: Mini-P (small production company) that runs on BMDS. The purpose was to let students use it as a prototype or a sample source code for their own projects. The model was originally designed to be used as a small case study in our course that simulates a production firm.
Although it is simple, it can be extended to meet the student's complex requirements, for example, multiproducts and research and development. The business model of the Mini-P is summarized in Figure 8 , and specifications are summarized as below. The corresponding source code in BMDL contains about 100 lines of code, including comments on the case. The specifications of the Mini-P model are as follows:
1. kind of products: only one product, A. 
Evaluation
In the 1998 program, we think we attained most design goals described in the Background and Motivation section. We have received the following responses from questionnaire data from 15 respondents:
1. All of the respondents replied that the course with the ALEXANDER ISLANDS was interesting and that they recommended to the course to new students. 2. Most of the respondents replied that BMDL/BMDS is simple enough that students with few computer programming skills can understand it and write their own models. 3. Eleven respondents thought the level of the course was moderate.
In the 1998 program, 18 students developed their own models based on the Mini-P model, and 13 models were developed in the same way in the 1999 program.
In the 1999 program, we implemented the first version of the AAPs. Our early software agent players achieved good results of debugging models, but they did not achieve good results in the game playing with human players. The reason was caused by poor production rules implemented in AAPs. More sophisticated rules will improve the result. We have been working on improving the functions of AAPs.
From these observations, we believe that we can teach business processes we would like to model and analyze, using our BMDL/BMDS/AAPs toolkit.
Conclusion
This article has described our experience of developing an unconventional course on business gaming for business people in Japan. Conventional business gaming courses aim at studying the basic principles of simulated business processes, accounting, or data analysis techniques. But the objectives of our course are to develop students' skills (a) to understand business processes and (b) to implement their own specific models of their companies.
To attain the objectives, the most remarkable point is the development of do-ityourself models using BMDL/BMDS/AAPs. This approach is promising for business simulator courses to develop more advanced systems and concepts. Now we are working on improving the functions of the toolkit to open it to the public in the near future (Shirai & Tanabu, 2003) .
